Introduction
At the increased seated height of truck (lorry) drivers, the night-time brightness of retroreflective traffic signs is adversely affected, and consequently their detection and legibility are diminished. This problem arises because retroreflective materials reflect light back towards the source of illumination in a narrow cone, with the highest intensity near the centre of the cone along the axis of illumination. In the traffic situation this means that retroreflective signs are most efficient at reflecting light directly back to the headlamps. For car drivers this is close to optimal, since the observation angles formed by the locations of the drivers' eyes, traffic signs, and headlamps are relatively small. Because of increased seated eye height, these angles are somewhat larger for truck drivers. Consequently, the amount of light reflected back to the eyes of a truck driver is substantially less than to the eyes of a car driver. While the preceding is not a new argument(1), we are not aware of any quantiative evaluation of the of the problem. The present study was designed to provide such an evaluation. &111 additional relevant factor is d'1e mounting of headlar-nps. ~~ 
Retrorefiective efficiency
The retroreflectance of a given material towards a given point in space depends on its inherent efficiency and the geometry between the headlamp, the sign, and the observer. This geometry is characterised by a set of angles, including observation, entrance, rotation, presentation, and viewing angles (7) . However, for the traffic situations of interest in the present study (involving straight roadway and small entrance angles), observation angle is of dominant importance. The observation angle, in our situation, is the angle formed by the headlamp, the sign, and the eyes of the driver the angle between the illumination axis and the observation axis)..The observation angle must be quite small (preferably 0.5° or less) for presently available retroreflective materials to function effectively. R~7e calculated the observation for each vehicle, headlamp, viewing distance, and sign position, and used this information to estimate the relative amount of light reflected towards the eyes of the driver. 4 angle was provided to us by a sign manufacturer (see Table I Parameter values in present calculations Figure 1) . They all involved a straight, flat, two-lane roadway. These three sign positions were used as typical in recent studies(9. 10). This section summarises the relevant data from Cobb (2) and presents a step-by-step analysis of the amount of light reaching a driver who is either 152 m or 305 m from the sign.
The data from Cobb (2) on headlamp mounting height and driver eye height are summarised in Tables 3 and 4 . The subsequent calculations are based on the mean data. Table 3 ~~adlam~ mounting height to the centre of the lezxs (m) from Cobb(2J Table 4 Driver eye height (m) from Cobb(2) Figure 1 Schematic representation (not to scale) of the sign positions (after Woltman and Szczec3ai'~a) Table 5 Mean horizontal (x) and (y) coordinates (°) of angular locations of signs in relation to the headlamp at a viewing distance of 152m ,9 ul 6 Luminous intensity (cd) towa~L-ds s--gns zronr, t$IL~ US low beam at a viewing distance of 152 m (b) Relative amount of reflected light towards the driver: Table 7 lists the observation angles for each sign and each vehicle group. Table 8 presents the interpolated relative retroreflectances for encapsulated lens material, given the observation, angles in Table 7 and retroreflectance values in Table 2 .
(c) Total light reaching the eyes of the driver ; Table 9 takes into account both the differential amount of light impinging on the sign (Table 6 ) and the differential amount reflected in the particular direction (Table 8 ).
The entries in Table 9 were obtained by: a (i) cross-multiplying the information in Table 6 and Table 8 for each lamp (ii) obtaining the sum of this product for left and right lamps Table 7 Mean observation angles (°) by vehicle group at a viewing distance of 152m 7able 8
Relative retrorefleaances for encapsulated lens material by ,7,th!,cle group at a viewing of 1 52 m ~3 ~'~9r~:~8~&dquo;~'~'5~~: az 0. 1 is equal to 1) (iii) normalising this sum by setting the corresponding sum for cars to be 1.0. Tables 10 through 14. These tables are analogous to Tables 5 through 9 for the viewing distance of 152 m. For the viewing distance of 152 m, in the worst case (centre sign), the amount of light reaching a driver of a heavy truck is only about 25% of the light reaching a driver of a car (see Table 9 ). 
